Epitaxial La0.67Ca.33MnO3 (LCMO) thin lms by o-axis magnetron sputtering were deposited on SrTiO3 (STO) substrates. Complex impedance measurements (module and phase of the thin lm impedance) in frequency range 130 kHz are done. Substantial dependence of both: module and phase of the complex surface impedance is observed. The temperature interval scanned is from 77 K to room temperature. The impedance has inductive behavior for temperatures less than the Curie temperature and capacitive for higher temperatures. Reduction of the lm thickness from 60 to 30 nm shifts the impedance curves to the lower temperatures.
Introduction
The perovskite manganites are an object of experimental and theoretical studies due to several reasons [1] . Colossal magnetoresistance applications [2, 3] , bolometric purposes, applications as a cathode material in solidoxide fuel cells [4] .
Typical usage of the perovskite magnitoresistive materials is based on DC measurements. However, the same measurements can be done in the ac (above 1 kHz) range. The ac measurements can be more ecient, because the 1/f noise is strongly reduced. This makes the investigation of the ac complex resistance interesting for the applications. In the same time they give a valuable knowledge on the individual contribution of grains and grain boundaries to the low eld magnetoresistance [5, 6] .
In [7] are presented the results of the complex impedance frequency dependence investigation in ac range (1100 kHz) for mono-and polycrystal LCMO layers at room temperature (under the Curie temperature). Here we present the results of the complex impedance frequency dependence investigation in the region 130 kHz for LCMO monocrystal layers in a temperature interval from 77 K to room temperature (the Curie temperature for LCMO is within this interval).
Experimental
The investigated layers were deposited on 5 × 10 mm 2 STO substrates by HF magnetron sputtering. The deposition temperature was 780
• C and an oxidation step in 900 hPa O 2 at 500
• C succeeded the deposition. In X-ray photoelectron spectroscopy (XPS) investigation of a lm, deposited with the same technology is presented. It shows a good crystal quality of the lm.
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The scheme of the four point measurement of the thin lm's complex impedance is shown in Fig. 1 . An ac voltage generator is converted to ac current generator by means of a 1 MΩ resistor R. The current is approximately U 0 /R, where U 0 is the ac voltage generated by the generator. The complex thin lm's impedance of the layer is equal to kRU/U 0 , is the complex value of the voltage drop between the 2nd and 3rd point in the 4 point set, measured by lock-in amplier operating in dierential mode. The form-factor k depends on the geometry of the 4 point set and in our case k ≈ 3. In reality the situation is complicated by the fact that the resistance between the 1st and 4th points in the 4 point set can exceed 100 kΩ in the vicinity of the Curie temperature and reduce the current below U 0 /R. Another factor to be taken into account is the parasitic capacitance of the wiring C. As a result it can be calculated that the current i, owing through the lm from point 1 to the point 2 of the four point structure is
where U 0 is the ac generator's voltage, U is the voltage measured between the points 2 and 3, r is the sum of the contact resistances at points 1 and 4, k is a formfactor (ratio between the surface resistance points 14 to points 23) in our case k ≈ 3. The complex (787) surface impedance is U/I (our formfactor is ≈ 1), and neglecting r compared to R we have
The correction procedure has been veried by measuring two dummy objects at room temperature, each made from three equal resistors.
Two dierent thicknesses of the lm were investigated: 30 and 60 nm. The measurements were conducted in a temperature interval from 77 K to 300 K, and frequencies from 1 kHz to 30 kHz.
Results and discussion
The temperature dependence of the complex thin lm impedance of 30 nm LCMO layer, deposited on STO substrate, for 5 dierent frequencies is shown in Fig. 2a and b. The modules are shown in Fig. 2a and the phases in Fig. 2b . The modules show a maximum, corresponding to the approximately Curie temperature. The Curie temperature of the 30 nm epitaxial layer appears substantially less than the Curie temperature of the bulk material. Table. The value of the impedance decreases with the frequency. The phase of the complex impedance is positive (inductive type) for low temperatures. This corresponds to our previously reported results of similar measurements with LCMO surface impedance measurements at room temperature below the Curie temperature for LCMO [7] . It goes through zero at some temperature, becomes negative (capacitive type), and has a maximum at some temperature, higher than the temperature of the module maximum. The results of a measurement at 300 Hz are not shown: the modules curve coincides with the curve for 1 kHz, and the phase is zero (within the error limit). The exact temperatures and complex impedance values for the characteristic points are shown in Table. The temperature of the maximum impedance module is higher than the temperatures of complex impedance values characteristic points. A capacitive nature of the impedance, observed in experiments, partly can be caused by temperature dependent permittivity of the STO substrate, where the LCMO lm has been grown up. The eective dielectric constant of STO increases from ≈ 300 to ≈ 2500 when temperature is reduced from ≈ 300 K to ≈ 70 K [911] . For this reason it is possible a forming of capacitive connections (through high permittivity STO component) not only between the adjacent grains of LCMO layer, but between dierent macroareas of LCMO layer as well. This leads to a strong increase of the contribution of the capacitive component to the summary impedance at temperatures, where the resistivity of the LCMO layer and the permittivity of the STO substrate are great (especially, at the Curie temperature of the sample) ( Fig. 2a and b) .
The temperature dependence of the complex thin lm's impedance of 60 nm LCMO layer is shown in Fig. 3a and b. The modules are shown in Fig. 3a and the phases in Fig. 3b . The exact temperatures and complex impedance values for the characteristic points are shown in Table. The modules of impedance of the 30 nm layer is much more than twice larger than the impedance of the 60 nm layer. The phase shows dierences, too. The thin layer has inductive impedance even at 77 K, while the thick layer starts with zero and has well expressed positive impedance phase maximum at higher temperatures see Table. All characteristic temperatures in impedance temperature dependences are higher for 60 nm layer. The maximum negative phase is twice higher for the 60 nm layer.
Conclusion
The complex impedance of the epitaxial LCMO layers shows substantial frequency dependence even for relatively low frequencies 1 to 30 kHz. This cannot be explained by the common models for FM conductivity, which are dc theories.
The modules of impedance of the 30 nm layer larger than the impedance of the 60 nm layer. The phase shows dierences, too. The thin layer has inductive impedance even at 77 K, while the thick layer starts with zero and has well expressed positive impedance phase maximum at higher temperatures. All characteristic temperatures in impedance temperature dependences are higher for the thicker layer. The maximum negative phase is twice higher for the 60 nm layer. All these features show that the structure of thin layers becomes dierent from the structure of the thick layers (bulk material). A possible explanation is that when the layer thickness becomes close to or less than the ferromagnetic domains' size their structure can change. It should be noted also that not only the structural characteristics of the substrates, but their physical (electrical) properties can aect the electrical characteristics of the lms grown on them.
